Introduction: Longitudinal studies are needed to understand the long-term associations between stroke and dementia.
Backgrounds
Stroke and dementia are common disorders in the elderly. A number of studies have reported an increased risk of dementia after stroke [1] [2] [3] [4] [5] [6] [7] [8] . The prevalence of dementia 1 year after stroke is reported to be 7%-23% [2, 9, 10] . Recent studies suggest that early-onset poststroke dementia mainly results from a complex interplay between stroke lesion features, Alzheimer's disease pathologies, and brain resilience, whereas delayed-onset poststroke dementia is mainly associated with severe small vessel diseases, and to lesser extent with Alzheimer's disease pathologies [11] [12] [13] . It is well known that the risk of dementia is increased shortly after stroke. However, little is known about the long-term risk of dementia among stroke survivors, as few studies have investigated risk of dementia more than 5 years after stroke [1, 4] . One study reported a doubling of the risk uniformly over 10 years after stroke [1] , and the other reported an increased risk up to 5 years after stroke [4] . A prospective study of more than 23,000 participants showed that incident stroke was associated with an acute decline in cognitive function and also persistent cognitive deficits over 6 years [14] .
Dementia is also common before stroke. Based on retrospective information, the prevalence of dementia before stroke is estimated to be 8%-16% [2, 15, 16] . Prestroke dementia was associated with female gender, lower education, cerebral atrophy, multiple infarcts, diabetes, and atrial fibrillation [8, 16] . A limited number of studies have examined risk of dementia before stroke compared with people free from stroke. One longitudinal population study with 10 year follow-up reported that memory decline started already several years before stroke and that the decline accelerated after the index stroke [17] . Stroke survivors had faster memory decline both before and after stroke compared with stroke-free adults [17] .
Ideally, studies on the relation between stroke and dementia should be performed in large population samples followed over a long time, allowing enough dementia cases to occur at different time periods in relation to the index stroke, that is, short and long time before stroke as well as short and long time after stroke. We examined the risk of dementia before and after stroke in a large population of women followed over 44 years.
Methods

Study population
The study is part of the Prospective Population Study of Women in Gothenburg [18] , which was initiated in 1968. Women born in 1908, 1914, 1918, 1922 , and 1930 were systematically sampled from the Swedish Population Register. Follow-ups were performed in 1974-1975, 1980-1981, 1992-1993, 2000-2001, 2005-2006, and 2009-2011 (Fig. 1 ). Seven women with stroke or transient ischemic attack (TIA) before examination in 1968 were excluded, leaving 1460 women for the present study (age 38, n 5 371; age 46, n 5 433; age 50, n 5 397; age 54, n 5 180; age 60, n 5 79). None of the women had dementia in 1968. The examinations included neuropsychiatric and physical examinations, psychometric testing, key informant interviews, ECG,
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and blood sampling. The study was approved by the Regional Ethical Review Board at the University of Gothenburg. All participants gave informed consent to participate, in accordance with the provisions of the Helsinki Declaration.
Neuropsychiatric examinations were performed by experienced neuropsychiatrists in 1968-1969, 1974-1975, 1980-1981, and 1992-1993 and by experienced psychiatric research nurses in 2000-2001, 2005-2006, and 2009-2011 . All examinations were semi-structured, allowing for clarifying questions, and included a comprehensive psychiatric interview and observations of mental symptoms during the interview, as described previously [19, 20] . The examinations included ratings of common signs and symptoms of dementia, for example, assessments of memory, orientation, general knowledge, apraxia, visuospatial function, understanding proverbs, following commands, naming ability, and language. These examinations used Q2 identical instruments, including the Comprehensive Psychopathological Rating Scale, Gottfries-Br ane-Steen Scale, the Mini-Mental State Examination, the Alzheimer's Disease Assessment Scale, and the Clinical Dementia Rating, for more than 4 decades of follow-up. The last author (I.S.) came into the studies in 1983 and trained the examiners from 1992 to 2012. Interrater agreements between psychiatrists and psychiatric research nurses for the signs and symptoms of dementia were between 89.4% and 100.0% (kappa values between 0.74 and 1.00).
Close informant interviews were performed by psychiatric nurses since 1992. The interviews were semi-structured and comprised questions about changes in behavior and intellectual function, psychiatric symptoms, activities of daily living, and, when relevant, age at onset for stroke and dementia, and disease course.
Medical records on all women were collected from all inpatient and outpatient departments and general practitioners' offices in Gothenburg. The Swedish Hospital Discharge Register provided information on diagnoses of all individuals discharged from hospitals on a nationwide basis since 1978. Diagnoses are classified according to the International Statistical Classification of Diseases and Related Health Problems (ICD).
Diagnoses of dementia
Dementia was diagnosed according to the Diagnostic and Statistical Manual of Mental Disorders-III-R criteria, as described previously [19, 20] . For participants in the neuropsychiatric examinations, dementia diagnoses were made by neuropsychiatrists after reviewing information from both neuropsychiatric examinations and the close informant interview. The diagnosis was made if the participant had dementia according to both sources of information, or if there was clear evidence of dementia from one source and subthreshold symptoms from the other. For individuals lost to follow-up, dementia diagnoses were based on information from medical records evaluated in consensus conferences and from the Hospital Discharge Register. In total, 325 cases of dementia were diagnosed (95 from hospital register and/or medical records only; 119 from clinical examination and/or close informant interview only; and 111 according to both sources). Among those with dementia, 161 had Alzheimer's disease, 46 vascular dementia, 84 mixed dementia, and 34 other types of dementia. Age of dementia onset was based on the combined information sources of neuropsychiatric examination, close informants, and register.
Diagnoses of stroke
The diagnosis of stroke was based on information from participants and key informants, the hospital register, and medical records, as described previously [21] . Information on stroke from participants was obtained using identical questionnaires at all examinations and with identical instruments for the close informant interviews since 1992. The interviews included questions about sudden onset of focal neurological symptoms or acute aphasia, symptom duration, age at stroke, and admission to hospital due to stroke. All information was evaluated, and diagnoses were made by two of the authors (X.G. and I.S.). For a diagnosis of stroke, the symptoms had to be present for more than 24 hours. In those with less duration, a diagnosis of TIA was made. Totally, 362 strokes were diagnosed (236 from hospital register and/or medical records only; 14 from examinations and/ or close informants only; 112 from both sources).
Assessments of confounders
Education was dichotomized as mandatory (6-7 years) and more than mandatory. Social-economic status was classified as high, medium, and low based on husband's occupation and income for married women and own occupation and income for unmarried. Marital status was classified as married or unmarried. Smoking was classified as never smoker, ex-smoker (ceased smoking more than 1 year before the examination), or current smoker (ceased smoking within 1 year before the examination or those smoking at the year of examination). Alcohol consumption was classified as never/less than once a week and once or more than once a week. Levels of physical activity in leisure time were rated as less than 4 hours/week and more than 4 hours/week. Hypertension was defined as systolic blood pressure 140 mm Hg and/ or diastolic blood pressure 90 mm Hg and/or taking antihypertensive medication. History of myocardial infarct was based on self-report or hospital register. Diabetes mellitus was defined as a diagnosis told by a doctor, being on antidiabetic therapy, having two fasting venous or capillary whole blood glucose values 7.0 mmol/L, or hospital register.
Statistical methods
Incidence rates of stroke and dementia by age intervals are presented as cases per 1000 person-years and 95% confidence interval (CI). Both stroke and dementia are associated with increased mortality. Thus, mortality is a competing risk for development of dementia. This may lead to biased comparisons between stroke and nonstroke groups due to different mortality. The association between stroke and dementia was thus tested by Cox regressions both with and without competing risk of death analyses.
Poisson regressions were used to test the risk of dementia at different time periods before and after stroke. The models were adjusted first for age and later for multiple confounders. Selection of confounders was made by Poisson regression with dementia incidence as dependent variable and with age and each potential confounder as independent variables. The potential confounders included both variables at the baseline examination (education, marital status, social-economic status, alcohol consumption, smoking, physical activities, hypertension, cholesterol, diabetes mellitus, and myocardial infarct) and time-varying variables (smoking, hypertension, cholesterol, diabetes mellitus, and myocardial infarct from 1968 to 2012). Variables were included in the final models if they met the criteria of P .05 in the analyses.
As age of stroke onset may influence relationship between stroke and dementia, this relation was examined among women with first stroke before age 80 and among women with first stroke after age 80 by Cox regression. Cox regressions were also used to examine the relationship between TIA and dementia as well as between recurrent stroke and dementia. SAS, version 9.4, and Stata, version 14, were used for the analyses.
Results
Incidence of stroke and dementia in the population
Characteristics of the population at baseline are presented in Table 1 . Among 1460 women at baseline, 362 developed 244  245  246  247  248  249  250  251  252  253  254  255  256  257  258  259  260  261  262  263  264  265  266  267  268  269  270  271  272  273  274  275  276  277  278  279  280  281  282  283  284  285  286  287  288  289  290  291  292  293  294  295  296  297  298  299  300  301  302  303  304  305  306  307  308  309  310   311  312  313  314  315  316  317  318  319  320  321  322  323  324  325  326  327  328  329  330  331  332  333  334  335  336  337  338  339  340  341  342  343  344  345  346  347  348  349  350  351  352  353  354  355  356  357  358  359  360  361  362  363  364  365  366  367  368  369  370  371  372  373  374  375  376  377 first-onset stroke during 49,623 person-years. Mean age of first stroke was 77.8 years (standard deviation 8.7). Mortality over 44 years follow-up was 81% (n 5 295) among women with stroke and 68% (n 5 750) among women without stroke. Altogether, 325 women developed dementia during 49,663 person-years. Mean age of dementia onset was 79.8 years (standard deviation 7.9). Mortality was 82% (n 5 265) among women with dementia and 69% (n 5 780) among those without dementia. Table 2 and Fig. 2 show the age-specific incidence of stroke and dementia. Both incidence of stroke and dementia increased with age. The age-specific incidence was similar for stroke and dementia over the life course.
Cumulative incidence of prestroke and poststroke dementia
Among all women with stroke (N 5 362), 13.8% (N 5 50) had prestroke dementia (0.8% developed dementia 10 years or more before stroke, 5.2% had dementia 5 years or more before stroke), and 5.0% (n 5 18) developed dementia at the year of the index stroke. Excluding those with prestroke dementia and those with dementia at the year of stroke, 18.4% (N 5 54) of women with stroke developed poststroke dementia (5.1% within 1 year after stroke, 10.9% within 5 years after stroke).
Risk of dementia before and after stroke
During 44 years of follow-up, 33.7% (N 5 122) of the women with history of stroke and 18.5% (N 5 203) of those without stroke developed dementia (age-adjusted HR without competing risk 1.44, 95% CI 1.15-1.81; with competing risk 1.81, 95% CI 1.44-2.27). Age of dementia onset was similar in those with and without stroke (78.9 6 6.8 vs. 77.3 6 7.8).
The increased risk of dementia started 5 years before stroke and gradually increased to stroke onset (Table 3 , Fig. 3 ). The risk of dementia was highest within 1 year after stroke, declined thereafter, and remained constant from two to more than 11 years after stroke (Table 3 , Fig. 3 ). The associations remained after adjustment for age, birth cohort, time-varying smoking, and baseline cholesterol.
The association was similar in women with first stroke before age 80 (age-adjusted HR without competing risk 1.86, 95% CI 1.38-2.51; with competing risk 1.52, 95% CI 1.12-2.06) as in women who had first stroke after age 80 (age-adjusted HR without competing risk 1.22, 95% CI 0.91-1.63; with competing risk 1.48, 95% CI 1.11-1.98).
Women with two or more recurrent strokes (N 5 107) did not have increased risk of total dementia (age-adjusted HR 1.27, 95% CI 0.86-1.86) and prestroke dementia Table 2 Incidence of dementia and stroke by age in women followed over 44 Abbreviation: CI, confidence interval.
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Fig. 2. Age-specific incidence rate of stroke and dementia in women. . y Multivariate models for Poisson regression analyses included age, birth cohort, time-varying smoking, and cholesterol in the baseline examination. Selection of confounders was made by Poisson regression analyses with dementia incidence as dependent variable, and with age and each potential confounder as independent variables. The potential confounders included both variables at baseline examination (education, marital status, socialeconomic status, alcohol consumption, smoking, physical activities, hypertension, cholesterol, diabetes mellitus, and myocardial infarct), and time-varying variables (smoking, hypertension, cholesterol, diabetes mellitus, and myocardial infarct from 1968 to 2012). Variables were included in the final multivariate Poisson regression models if they met the criteria of P .05 in the analyses. 
Discussion
Based on a large representative population of women followed over 44 years, we found an increased risk of dementia both before and after stroke. The increased risk of dementia started already 5 years before the index stroke and was highest 1 year after stroke. The increased risk continued more than 11 years after the stroke.
Previous studies report that stroke survivors are more likely to suffer from dementia than stroke-free individuals [1] [2] [3] [4] . People with stroke had lower Mini-Mental State Examination score than controls before stroke, and the difference became more pronounced after stroke [22] . These findings support our study. Our finding that 13% of women with stroke had prestroke dementia is similar to hospitalbased and population-based studies [2, 15, 16] . The incidence of poststroke dementia up to 1 year after stroke was 8% in our study, which is similar to the 7%-12% reported from other population-based samples [2, 22] , but lower than reported from hospital-based series. The higher figures for hospital-based studies may be due to the inclusion of recurrent stroke and people who might have had prestroke dementia, as the diagnosis of prestroke dementia was only based on informant interview [9, 10] . In addition, one study excluded people who died within 1 year after stroke [10] .
Our finding that dementia risk was increased both before and after stroke may have several explanations. First, both stroke and dementia may be clinical manifestations of vascular burden of the brain due to large or small vessel disease. These cerebrovascular changes may remain clinically silent over many years. For example, ischemic white matter lesions and silent brain infarcts increase risk of both incident stroke [23] and dementia [24, 25] . Second, dementia and stroke share similar vascular risk factors, such as hypertension, hypercholesterolemia, and diabetes mellitus [26, 27] . Third, our findings may be due to mixed pathologies, where the cumulative effect of cerebrovascular disease and Alzheimer encephalopathy leads to prestroke and poststroke dementia [8, 9, 16, 28, 29] .
One study showed that people with amyloid b deposition experienced more severe and rapid cognitive decline over 3 years after stroke/TIA compared with people without Ab deposition [30] .
We found that recurrent stroke was also associated with poststroke dementia, which was not in line with a recent STRIDE Q3 study [12] that did not found association between recurrent stroke and late-onset dementia developed between 6 months and 3 years after stroke. Possible explanations were that the prevalence of recurrent stroke in our study was much higher than that in the STRIDE study due to longer follow-up time and improvement of stroke treatment in the last decade.
The incidence of stroke and dementia increased steeply with age and was especially high after age 80 years. The age-specific incidence of stroke in our study is comparable to other population studies [31] [32] [33] . The incidence of dementia in our study is somewhat lower, especially in the higher age range, than reported from other European studies conducted in earlier born birth cohorts in the 1980-1990s [34] [35] [36] , but comparable to studies conducted in later born birth cohorts examined in the 2000s [37] . Several population studies showed a decrease in the incidence of dementia across cohorts [37] . Interestingly, the age-specific incidence was remarkably similar for stroke and dementia, and there was a similar age of onset for both disorders, as also found in the Canadian Study of Health and Aging [38] . The similar age-specific incidence of dementia and stroke over the life course may also suggest common underlying etiologies of the two disorders.
Criteria for vascular dementia such as NINDS-AIREN Q4 [39] and VICC
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consensus [40] stipulate that probable vascular dementia occurs within 3 [39] or 6 [40] months after a stroke. Other criteria, such as ICD-10 [41] and Diagnostic and Statistical Manual of Mental Disorders-IV [42] give a diagnosis of vascular dementia if stroke is judged to be etiologically related to dementia, whereas Diagnostic and Statistical Manual of Mental Disorders-5 [43] and VASCOG Q6 criteria [44] mention a temporal relationship but without specification of a time limit. Our study suggests that the time window for increased dementia risk in relation to stroke starts 5 years before the stroke and continues more than 11 years after. Except for the year around stroke, it could be discussed whether these cases should be diagnosed with vascular or mixed dementia.
Strengths of this study include the large populationbased sample, the long follow-up and the use of several information sources to diagnose stroke and dementia. 512  513  514  515  516  517  518  519  520  521  522  523  524  525  526  527  528  529  530  531  532  533  534  535  536  537  538  539  540  541  542  543  544  545  546  547  548  549  550  551  552  553  554  555  556  557  558  559  560  561  562  563  564  565  566  567  568  569  570  571  572  573  574  575  576  577  578   579  580  581  582  583  584  585  586  587  588  589  590  591  592  593  594 Several methodological issues need to be considered. First, cumulative attrition is a problem in long-term follow-up studies. While this problem was, to some extent, alleviated by using medical records and hospital registry in those lost to follow-up. Almost all people in Sweden receive their hospital treatment within the public health system, and the Hospital Discharge Register covers the entire country. Second, the validity of stroke case ascertainment could be questioned. A previous study reported that 94% of strokes in the hospital discharge register are correctly classified [45] , and this register misses less than 10% of stroke patients in Sweden [46] . In the present study, 88% of strokes were detected by registers. The detection of stroke was somewhat improved by using self-reports and key informants [21] . All information from self-reports and key informants was evaluated by neuropsychiatrists, and the criteria were rather strict, allowing only cases with a clear history of focal symptoms. These methods may thus underestimate stroke incidence in the population. Actually, only 35% of total stroke was detected by self-reports and/or key informants. However, among those cases detected by self-reports and/ or key informants, 89% were confirmed in the hospital register. Third, there might have been misclassification of prestroke and poststroke dementia as dementia onset is often gradual and insidious. It is thus difficult to judge the exact time sequence between stroke and dementia, especially when two events occurred close to each other. However, there is no systematic bias in this misclassification, as dementia onset was estimated blindly to information on stroke onset. Furthermore, we required that stroke and dementia should not occur at the same year for the classification of prestroke and poststroke dementia. Fourth, the study was conducted over 44 years during which time large changes occurred in treatment of stroke and its risk factors. In addition, recognition of dementia and stroke has improved. Studies showed that the risk of dementia in relation to stroke has also decreased during the last decades [47, 48] . Birth cohort was thus controlled in our analyses. Fifth, our findings are influenced by selective survival as each of dementia and stroke is related to mortality. This may be one reason why risk of dementia was decreased more than 6 years before stroke, as the index stroke group comprises only individuals who survived 6 years or more, while the nonstroke control group comprises also individuals who survive less than 6 years. Individuals with dementia, especially those with risk factors for stroke, have higher mortality and thus less chance to live more than 6 years. Selective survival might therefore underestimate the risk of prestroke dementia. It may also affect the long-term risk of dementia after stroke. Finally, only women were included in the study. Worldwide, the stroke prevalence and incidence rate were higher in men than in women [49] . Previous studies reported that women have higher risks of both prestroke and poststroke dementia [8] . However, men with stroke still have a higher risk for dementia than men without stroke [1] . Future studies need to examine if the impact of stroke on the development of dementia in men is as strong and long-lasting as in women. Our findings may have important implications for understanding the relationship between stroke and dementia, for the prevention and treatment of dementia and stroke, and for the classification of subtypes of dementia disorders. Our study shows that prestroke dementia is common. It is thus important to check patients with dementia for cardiovascular risk factors to prevent incidence stroke, and to evaluate preexisting dementia and cognitive symptoms in patients with stroke. Our finding that dementia risk is increased more than 11 years after stroke highlights the importance to regularly test cognitive function among individuals with stroke, both in the short and long term, as this may lead to early diagnosis and treatment of dementia. Furthermore, our study underscores the importance to prevent and treat stroke, as stroke lesions have significant contributions on poststroke dementia. Early intervention and treatment of vascular risk factors such as hypertension, hyperlipidemia, diabetes, and smoking may have great implications on prevention of stroke, small vessel diseases, and cognitive impairment. Our findings need to be confirmed by other studies. More studies are needed to investigate underlying mechanisms of the association between dementia and stroke. More research is needed to study predictors of prestroke and poststroke dementia.
RESEARCH IN CONTEXT
1. Systematic review: Few population-or hospitalbased studies have examined risk of dementia, both short and long time before as well as short and long time after stroke (more than 10 years after stroke). In addition, few studies have examined how dementia develops in relation to stroke in a population-based sample, initially free from dementia and stroke, and followed for more than 4 decades.
Interpretation:
We found an increased risk of dementia both before and after stroke. The increased risk of dementia started already 5 years before stroke and was highest 1 year after stroke. The increased risk continued more than 11 years after the stroke.
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